Not much is known about how health insurance affects preventive care for children who have access to general routine paediatric care, especially in less developed settings. This study evaluates the effects of child health insurance on preventive care (measured by whether the child had received all the age-appropriate immunizations) for children with access to routine paediatric care. It uses a unique sample of 1958 children aged 3-24 months attending paediatric practices for routine well-child care in Argentina, Brazil and Ecuador. It compares insured and uninsured children attending the same paediatric clinics for routine care at the time of enrolment into the study and only uses within-clinic variation in insurance status when evaluating its effect on immunization status. Regression models for adequate immunization status adjust for several demographic, socio-economic and health characteristics and are estimated both separately for each country and combining the three countries. The majority of children in the study sample have received all age-appropriate immunizations. However, publicly insured children in Argentina and Ecuador are more likely to have received all age-appropriate immunizations compared with uninsured children by 3.5 and 2.3 percentage points, respectively. In the model that combines the three country samples, insured children (regardless of insurance type) are significantly more likely to have adequate immunization status by 2.5 percentage points compared with uninsured children. The study provides evidence that health insurance may enhance preventive care for young children.
Introduction
Previous studies have reported improvements in children's health care use with increased access to health insurance in both developed and less developed countries. For example, in the United States (US), expansions in children's eligibility for Medicaid, the public-funded insurance programme for the poor, have increased child visits to physicians (Currie and Gruber 1996; Currie et al. 2008) . Similarly, expanded governmentsubsidized enrolment in private health insurance plans in Colombia has increased child preventive visits (Trujillo et al. 2005; Ruiz et al. 2007 ).
While there is consistent evidence of increased physician visits among children with insurance, not much is known about whether specific components of preventive care such as immunizations vary between young insured and uninsured children. Such variation may occur due to differences in access and in patient costs and payment structures by insurance programmes. Also, insurance programmes may increase parental knowledge about and demand for prevention such as through developing awareness-raising campaigns to highlight the importance of prevention. The effects of child health insurance on specific prevention measures remain largely understudied, especially in less developed settings. Evaluating these effects is needed for a comprehensive evaluation of the effects of insurance coverage expansions on child preventive care, in order to identify gaps that may be addressed by health policy interventions.
In this paper, I examine the effects of child health insurance on preventive care measured by the child receiving all the age-appropriate immunizations for a unique sample of children aged 3 to 24 months from Argentina, Brazil and Ecuador. I compare insured and uninsured children who visited the same paediatric practices for routine well-child care, and adjust for several characteristics in order to account for self-selection into insurance. To my knowledge, there are no previous studies of how insurance status affects specific prevention measures for young children with access to paediatric care in the study populations.
These South American countries are appropriate for this study due to the large racial and socio-economic variation in child and adult health insurance status (Trias and Gasparini 2004; Lopez-Cevallos and Chi 2010; . Higher household wealth significantly increases insurance status and explains most of the observed racial disparities in child health insurance in these countries . Therefore, lack of insurance status may strongly indicate a reduced ability to pay for care in these settings.
Each of these countries has different insurance programmes. In Argentina, coverage is available to employed individuals and their dependents through not-for-profit and public insurance plans for those employed in the private and public sectors, respectively (Jack 2002) . For-profit prepaid plans are also purchased by a small percentage of individuals. However, insurance access is very limited for poor individuals, who seek care primarily at public hospitals (Jack 2002) .
Brazil has a public health care system (SUS) used by about 70% of the population (Lobato 2000) but no public insurance programmes, which is relevant given that about 75% or more of hospitals and physician-group practices are privately owned (Lobato 2000) . About 30% of the population is thought to have some form of supplementary private health insurance of various types (IBGE 2005) . Self-managed health plans are typically accessible to employees in large public or private organizations. Group medical practices and medical co-operatives that provide prepaid plans and standard health insurance plans are also available (Lobato 2000) .
Ecuador has a public health insurance programme operated by the Social Security Institute (IESS) and divided into a general health insurance programme for employed individuals and an insurance programme for agricultural workers (Waters 1999) . However, there are several restrictions on the enrolment of beneficiaries in the programme. For instance, the general health insurance programme does not allow spouses to be covered and only covers children up to 1 year old if their mothers are covered (Waters 1999) . Therefore, only a small proportion of children are expected to be covered under this programme. For-profit private insurance programmes are thought to cover up to 10% of the population in Ecuador (Pan American Health Organization 2011). The Ministry of Public Health provides care to about 31% of the population, although this is not considered a formal insurance programme (Pan American Health Organization 2011).
The strong racial and socio-economic disparities in child health insurance in the study countries suggest that differences in insurance may not only affect the quantity of care, but also the outcomes of care including the content of preventive care for children who have access to paediatric care (i.e. conditional on quantity of care). Insurance may significantly reduce the patient cost of certain services that are part of routine paediatric care such as immunizations. Several of the private health insurance plans in South America use managed-care type programmes (Drechsler and Jutting 2007) . Such programmes are expected to enhance parental demand for child preventive care, and have been found to have positive effects on preventive health care use in the US (Miller and Luft 2002) . Managed-care programmes typically involve minimal out-of-pocket payments and enhanced provider incentives for preventive health care services.
Methods

Data sample
The study sample includes 1958 infants aged 3 to 24 months from three South American countries: Argentina (798 infants), Brazil (619) and Ecuador (541). These infants participated in a multisite cross-sectional study of early child development in South America in 2005 and 2006, which was conducted as part of the Global Network for Women's and Children's Health Research (McCarthy et al. 2012; . That study identified and enrolled eligible infants at paediatric practices of physicians (mostly paediatricians) who are affiliated with a South American epidemiological surveillance and research network, called ECLAMC (Castilla and Orioli 2004) . ECLAMC has been in operation since 1967 and is involved in monitoring the occurrence of birth defects in affiliated hospitals through voluntarily affiliated physicians who routinely obtain data on newborns with birth defects as well as unaffected newborns.
The parent study providing the data for this paper aimed at measuring normal development in a sample of infants without major health complications from South America who were identified and enrolled by the study's ECLAMC-affiliated physicians at their paediatric practices. Most of these practices are at the hospitals attended by the ECLAMC-affiliated physicians. About 80% of these hospitals are publicly owned; 20%, 49% and 9% are national, provincial and municipal hospitals, respectively. About 20% of the hospitals are privately owned. The study physicians identified infants attending their clinics for routine well-child care visits and screened them for the study CHILD HEALTH INSURANCE AND PREVENTIVE CARE eligibility criteria, which included normal birth outcomes (birth weight !2500 grams and gestational age !37 weeks) and apgar scores (6 or above) and absence of major health complications such as admission to the neonatal intensive care unit, remaining hospitalized for more than 5 days after birth, needing oxygen at birth, undergoing major surgeries, chronic illnesses that require treatment or medicine for more than 2 weeks (excluding allergies and ear infections), and documented developmental delay. Only children meeting these eligibility criteria were enrolled in the parent study providing the data for this study. Therefore, the study sample includes overall healthy children without major health problems.
After enrolment, the study physicians evaluated the children's neurodevelopment and collected health, household and socio-economic data by administering the study questionnaires to the children's mothers in a single visit. For certain measures, such as immunizations, the study physicians also abstracted related information from the clinical charts. The same data collection questionnaires and study procedures were employed across all paediatric practices. The study physicians received training and reliability assessment in the study procedures and data collection before beginning the study. Further, as part of their involvement in ECLAMC, the study physicians are routinely involved in collecting data for infant health research studies (e.g. Wehby et al. 2009; Wehby et al. 2010) .
Empirical model and estimation
The effects of insurance on preventive care are studied separately for each country and for the countries combined by comparing the immunization status of insured and uninsured children enrolled at the same study paediatric care practice during their routine well-child care visit. In addition, I adjust for several theoretically relevant observed factors that may relate to both insurance status and preventive care or proxy for unobserved factors such as parental knowledge about optimal routine paediatric care. The goal is to account as much as possible for self-selection into insurance and for socio-economic, demographic and health differences between insured and uninsured children that may also affect preventive care and bias the estimated insurance effect if ignored. Since higher socio-economic status families may be more likely to demand child health insurance, several measures of socio-economic status are included as described below. Child health status may also affect both insurance status and preventive care. For example, parents of less healthy children may be more likely to obtain child health insurance than those of healthier children (adverse self-selection) but may also differ in their demand for prevention. The study sample only includes children without major health issues as described above given that the parent study providing the data for this paper excluded children with major health issues. However, I do adjust for the observed variation in health between the sample children as discussed below. In sum, the health characteristics of the study sample, within-study clinic comparisons and adjustment for several observable confounders are expected to significantly reduce the bias from self-selection into insurance.
The following model is used:
For child i, IMMUNIZATION is an indicator for whether the child has received all the immunizations that are appropriate for the child's age, as documented by the study physician the interview with the child's mother and review of the child's clinical records. Specifically, the study physicians completed the following question: 'Has child received the immunizations (vaccines) appropriate for his/her age?' with the options of answering Yes, No, or Do not Know. The physicians were instructed to complete this question from the vaccination/ medical record if available or otherwise to ask the mother. The study has no information on whether immunization schedules varied between the study clinics/sites, which is possible. However, as described below, only insured and uninsured children enrolled at the same study clinic and seen by the same physician who evaluated their immunization status are compared. Children enrolled at different study clinics are not compared with each other. Therefore, any differences in immunization schedules between clinics should not bias the 'average' effect of insurance that is estimated in this study.
INSURANCE includes the child's health insurance status as reported by the mother. For Argentina, I first estimate the effects of private and public insurance separately relative to no insurance in order to allow for any potential differences between the two insurance programmes. In an additional model, I estimate the effects of any insurance combining private and public insurance. For Ecuador, I evaluate first the insurance effects separately by insurance type in order to allow for potential differences between private and public insurance. However, because of the low frequency of public insurance in this sample (2.2%), I estimate in an additional model the effects of any insurance, combining private and public insurance. As mentioned above, Brazil only has private insurance, so I evaluate the effect of private coverage relative to no insurance. For the analysis pooling the three countries, I estimate the effects of any insurance combining private and public insurance.
DEMO includes a vector of child and maternal demographic characteristics, including child's ethnic ancestry, gender and age as well as maternal age and marital status. All these factors may relate to household preferences for child health. HUMAN_CAP includes maternal human capital measured by maternal education and employment/occupation status, which are included due to their potential direct effects on both insurance status and maternal knowledge of and preferences for optimal preventive care services.
WEALTH is an index of household wealth which is expected to have direct effects on both insurance status and preventive care by affecting ability to pay. The wealth index is generated using principal component analysis (PCA) of a set of household assets and quality indicators, 2 and maximum likelihood estimation of the polychoric correlations between latent variables of these household characteristics (Kolenikov and Angeles 2004) . The scoring coefficients of the first principal component are used to weight the household asset and quality indicators in the wealth index. 3 The wealth index is generated separately for each country and for the combined sample. By construction, the first principal component explains the maximum common variation in these household characteristics; 33-44% of the variation in this case. Filmer and Pritchett (2001) used PCA for a similar set of measures and found the PCA-generated wealth index to be a reliable measure of long-run household economic status. PCA has advantages over approaches that assign arbitrary weights to the index variables. The assumption behind employing PCA is that long-run economic status explains the majority of the common variation in these household asset and quality measures. Self-reported income and household expenditures are considered to be unreliable in less developed countries due to interrupted income earnings and lack of quality data on prices, and are therefore not measured in this study.
HEALTH includes two indicators for child and maternal health problems. The child health measure is an indicator for whether the child has been diagnosed with any of the following illnesses: asthma, allergies, ear infections or seizures. The maternal health measure is an indicator for whether the mother has any chronic physical and mental health illnesses requiring regular treatment or medication use.
HOUSEHOLD is a vector of household demographic characteristics that may relate to the availability of household resources for child health insurance and also affect parental information about preventive care. These include the number of the child's siblings, an indicator for the child having a sibling with chronic developmental or physical disabilities and health problems, and the total number of household members (besides the child).
CLINIC includes binary 0/1 fixed effects for the paediatric practices where the children were enrolled into the parent study. Including these effects allows for comparing only insured and uninsured children seen at the same study paediatric practice and accounts for differences between study clinics in insurance status and preventive care. The clinic-level fixed effects also account for area-and clinic-level differences that affect immunization status such as the availability and costs of vaccines, standards of paediatric care, immunization schedules, and national and local programmes for supply and awareness of vaccines. In other words, the study compares insured and uninsured children with similar exposure to such factors. Insured and uninsured children are not compared across different clinics. The model essentially estimates the effect of insurance on immunization status within each study clinic, then averages the estimates across all the clinics included in the model.
I estimate the immunization status function listed above (equation 1) using ordinary least squares (OLS). While non-linear models such as logit or probit are generally preferred to linear probability models, the OLS model when including the clinic-level fixed effects only uses variation in insurance status for children enrolled at the same paediatric practice for estimating the insurance effects on immunization. This is essential to ensure that any differences between clinics in immunization and insurance status, as mentioned above, are held constant. The standard errors are estimated with a Huber-type variance estimator that accounts for the sample clustering at the clinic level (Moulton 1986; Wooldridge 2002) . In all three countries, insured children live in wealthier and higher socio-economic status households as measured by household assets and quality conditions, and maternal education and employment/occupational status. Maternal age and married status are also higher for insured than uninsured children in all countries. As mentioned above, I adjust for all these characteristics when evaluating the insurance effects on immunization status. Table 2 reports the immunization rates for uninsured and insured children for the sample from Argentina as well as the insurance effects on immunizations as estimated from equation 1. 5 The rates of children who had received all age-appropriate immunizations in the Argentinean sample are 98.9%, 100% and 95.2% among privately insured, publicly insured and uninsured children. Differences in adequate immunization rates between insured and uninsured children are significant at P < 0.1 and P < 0.01 for private and public insurance, respectively, and at P < 0.01 for any insurance (total immunization rate of 99.06% among privately or publicly insured children combined). In the regression model comparing covered children separately by insurance type to uninsured children enrolled at the same study clinic as the insured children, and adjusting for all relevant observed characteristics, public insurance is significantly associated with an increase in the probability of adequate immunization status by 3.5 percentage points. Private insurance has a smaller and insignificant positive effect. In the model evaluating the effect of any insurance (combining public and private insurance), insurance is positively associated with adequate immunization status, but the effect is statistically insignificant (P ¼ 0.1).
Results
Sample description
Argentina
The probability of adequate immunization is positively related to high maternal education (attending university) and number of household members, and negatively associated with low skill maternal occupational status. Reference is other ancestry (primarily European ancestry). Due to ancestry admixture in South America, mutually exclusive indicators for ancestry were used following Lopez-Camelo et al. (2006) . The child's ancestry was reported by the mother. Multiple ancestries were reported for several children. For this study, a child was considered of African ancestry whether or not other ancestries were reported. The child was considered of native ancestry whether or not other ancestries were reported, except if African ancestry was reported. However, for Argentina and Ecuador, African ancestry is included under other ancestry and not included separately in the regression model due to the low frequency. b The reference is a married mother. The reference is completed secondary school. In order to improve the model fit for Ecuador, two schooling indicators for complete secondary school or less and for incomplete university are used in the regression with completed university as the reference category. d The reference is the mother reporting her occupational level as an executive, professional, boss, chief or owner. In order to improve the model fit for Ecuador, the three indicators for unskilled blue collar, skill blue collar and independent worker are grouped into one indicator of low-skill occupation in the regression. Table 3 reports the immunization rates and insurance effect for the sample from Brazil. Children with private insurance have a slightly higher rate of having received all age-appropriate immunizations than uninsured children, at 98.9% vs 97.17% (the difference is insignificant). In the regression model comparing insured and uninsured children enrolled at the same paediatric clinic, private insurance has a small but insignificant positive effect on adequate immunization status.
CHILD HEALTH INSURANCE AND PREVENTIVE CARE
Brazil
Adequate immunization is positively associated with maternal health problems (marginally significant). Also, attending but not completing secondary school is marginally and positively associated with adequate immunization compared with completing secondary school. Table 4 reports the rates of receiving all age-appropriate immunizations for insured and uninsured children in the sample from Ecuador as well as insurance effects on adequate immunization status. Insured children have a higher rate of receiving all immunizations by about 5 percentage points than uninsured children (98.7% vs 93.75%); the difference is marginally significant. Publicly and privately insured children have adequate immunization rates of 100 and 98.46%, respectively.
Ecuador
In the regression model comparing insured and uninsured children enrolled at the same paediatric clinic by insurance type, public insurance is associated with an increase in the probability of adequate immunization status by 4.4 percentage points (marginally significant). Private insurance has a smaller positive and insignificant effect on adequate immunization status. When combining private and public insurance, insured children have a higher likelihood of having received all age-appropriate immunizations by 2.3 percentage points (marginally significant).
Children of native ancestry have a lower likelihood of having received adequate immunization, while children of single mothers are more likely to have received immunization (marginally significant). uninsured children at P < 0.01 and P < 0.1, respectively based on a bivariate chi-square test. **indicates that the insurance effect is significant at P < 0.05. The insurance effects are estimated using equation (1), and are adjusted for all the socio-economic, demographic, health and clinic indicators. The effects of the covariates are suppressed here for brevity (shown in Appendix Table A3 ). Notes: The table reports the immunization rates in the Ecuador sample by insurance status and the insurance effects on the probability of the child receiving all the age-appropriate immunizations as estimated from the regression model in equation 1. Standard errors of the insurance effects are in parentheses, and the P values are in brackets. a indicates that the immunization rates are different between insured and uninsured children at P < 0.1 based on a bivariate chi-square test. *indicates that the insurance effect is significant at P < 0.1. The insurance effects are estimated using equation (1), and are adjusted for all the socio-economic, demographic, health and clinic indicators. The effects of the covariates are suppressed here for brevity (shown in Appendix Table A3 ). Notes: The table reports the immunization rates in the Brazil sample by insurance status and the insurance effects on the probability of the child receiving all the age-appropriate immunizations as estimated from the regression model in equation 1. The standard error of the insurance effect is in parentheses, and the P value is in brackets. The insurance effect is estimated using equation (1), and is adjusted for all the socio-economic, demographic, health and clinic indicators. The effects of the covariates are suppressed here for brevity (shown in Appendix Table A3 ).
Pooled sample combining three countries Table 5 reports the rates of adequate immunization for insured and uninsured children and the insurance effect when combining the three country samples. Overall, insured children have a higher rate of adequate immunization by about 3.5 percentage points than uninsured children (98.97% vs 95.45%); the difference is statistically significant at P < 0.05. In the model comparing insured and uninsured children within the same study clinic and adjusting for observable characteristics, insurance is associated with a significant increase in the probability of receiving all the age-appropriate immunizations by 2.5 percentage points (P < 0.01).
In the country-combined sample, adequate immunization is negatively related to low skill maternal occupational status. However, no other covariates are significantly related to insurance status in the pooled regression model.
Discussion
The study finds significant positive insurance effects on preventive care for children aged 3-24 months in the form of the child having received all the age-appropriate immunizations. Several studies have previously shown an increase in child visits to physicians with insurance gain in both developed and less developed settings. However, to my knowledge, this is one of the first studies to show an improvement in specific preventive care measures with insurance for young children who have some access to well-child care in the study populations. Comparing uninsured and insured children who were attending the same paediatric clinic for routine well-child care and adjusting for several relevant observable characteristics is a unique strength of this study. This design accounts for potential differences in immunization schedules and care standards between paediatric care practices that may also vary in their distributions of insurance status and other insurance-related child-level characteristics as well as in unobserved area-level factors affecting the supply of and demand for immunizations.
The study results highlight the importance of expanding child health insurance coverage for improving preventive care early in life. Even though the majority of insured and uninsured children in the study sample had received all their age-appropriate immunizations, suggesting a high demand for and supply of immunizations, insurance still significantly improves the probability of adequate immunization status. Extending insurance coverage to all the children in the sample (1958) would have increased the number of adequately immunized children by 49. Given the important long-term positive effects of adequate immunization on health, the study findings suggest that expanding insurance coverage to children in the study countries may bring large health returns not only by improving the number of visits as shown in previous studies, but also by enhancing specific components of preventive care. Focusing only on how insurance affects quantity of health care underestimates the benefits of insurance expansions for children. In contrast, very few socio-economic, demographic and health characteristics have significant effects on immunization status in the study sample, further highlighting the importance of insurance for preventive care.
While important and informative, the study has some limitations that need to be acknowledged and addressed in future studies. First, I was unable to evaluate how the design of the insurance programmes, including covered benefits, payment structures and awareness-raising campaigns, affects immunization due to the lack of data on these variables. Future studies with access to such data would be important for understanding the pathways through which insurance coverage affects immunization status. Also, the very high rates of adequate immunization in the sample may increase the variance of the effects of insurance and other model covariates on immunization, especially in the country-specific models with smaller samples. Nonetheless, the observed significant insurance effects suggest that there is adequate variation in immunization status to estimate these effects. However, this may in part explain the very few significant effects of the model covariates on immunization status. Given its importance for child health, providing all ageappropriate immunizations is likely much less responsive to insurance status than other components of routine paediatric and preventive care. I have no data on other components of preventive paediatric care that may be more sensitive to differences in insurance status such as counselling parents on optimal home care practices and investments in child health. Therefore, it is important to evaluate other prevention measures in future studies as the insurance effects on adequate immunization status may be lower than those for other measures of preventive care.
Given that the sample only includes children without major health complications due to the inclusion criteria of the parent study providing the data for this study (as described above) the results are only generalizable to healthy children. Therefore, these results may not be generalizable to less healthy children. Future studies of children with more diversity in their health status are needed in order to obtain more generalizable results and to evaluate the effects of insurance on preventive care for children with health problems-as these children may be affected differently by insurance compared with healthy children.
Due to the cross-sectional design of the study, it is possible that some of the study children were being seen for the first time at the indicates that the immunization rates are different between insured and uninsured children at P < 0.001 based on a bivariate chi-square test. ***indicates that the insurance effect is significant at P < 0.01. The insurance effect is estimated using equation (1), and is adjusted for all the socio-economic, demographic, health and clinic indicators. The effects of the covariates are suppressed here for brevity (shown in Appendix Table A3 ).
study paediatric practices when they were enrolled into the parent study and their immunization status was measured. In other words, some children may have obtained well-child care at other non-study clinics or may have not had any previous well-child care before their visit to the study clinics. Therefore, the immunization status reflects in part the amount and content of well-child care received at other paediatric practices before the children were seen at the study paediatric practices. This may introduce some biases into the study as the comparison of insured and uninsured children visiting the same study clinic at the time when they were enrolled into the parent study may not control for all their differences in prior paediatric care use. Therefore, replicating this study with longitudinal data that capture changes in paediatric practices is important. Finally, it is theoretically possible that the observed differences in immunization status between uninsured and insured children enrolled at the same paediatric clinic may be in part due to unobserved parental and child characteristics that are not well-captured in the included variables. For instance, parents of insured children may have different preferences for child health compared with parents of uninsured children, and may be more likely to adhere to routine paediatric care schedules; this increases the child's propensity to receive all age-appropriate immunizations. As mentioned above, I have no data on the history of routine paediatric care use for each child. However, comparing healthy insured and uninsured children attending the same clinic for routine well-child care at the time of their enrolment into the study, and adjusting for several demographic and socio-economic characteristics, provide some assurance against a substantial bias due to unobservable parental characteristics. I am unable to employ additional methods to account for self-selection bias resulting from unobservable parental or child characteristics such as instrumental variables due to the lack of data on instruments for insurance. I leave it to future studies with access to such instruments to further evaluate the role of self-selection bias in the relationship between child health insurance and preventive care. Other source of drinking water (bottled water; connected to a river or creek; inside well or spring; outside well or spring; other sources)
À0.45
Type of toilet and sewage facility
Connected to a sewer 0.14
Connected to an open sewer À0.20
Latrine with connection to sewer À0.31
Latrine not connected to sewer À0.38
Pit latrine À0.51
Bush, field as latrine À0.75
Other type of latrine À0.91 Notes: The table reports the OLS regression coefficients of the adequate immunization function for each country and for the combined sample. These coefficients represent the effects on the probability of the child receiving all the age-appropriate immunizations. Standard errors of coefficients are in parentheses. *P < 0.1, **P < 0.05, ***P < 0.01. The coefficients of the clinic-indicators (fixed-effects) and intercept are omitted from the table for brevity.
a In order to improve the model fit for Ecuador, the education variables are re-coded to less than university education and incomplete university education with complete education as the reference category. Also, unskilled blue collar, skilled blue collar and independent worker are combined into a low-skill occupation category.
